Central nervous system (CNS) infections are characterized by an inflammatory response within the subarachnoidal space and/or the brain parenchyma. As in other inflammatory reactions, a complex network occurs, involving local production of soluble mediators and recruitment of white blood cells (WBC) from the bloodstream (31) . The inflammatory response to the invading pathogens rather than the pathogen itself appears to be largely responsible for the brain damage following CNS infections (4) . Therefore, studies of the release within the cerebrospinal fluid (CSF) of potential mediators during CNS infections are still required for a comprehensive understanding of the mechanism behind this process.
YKL-40 is a mammalian member of family 18 of glycosyl hydrolases (9, 11, 27, 29) , a protein family that also includes bacterial chitinases and chitinase-related proteins. The protein has been named YKL-40 from its molecular mass (40 kDa) and the one-letter code for its three N-terminal amino acids (19) . The protein is also called human cartilage glycoprotein-39 (8) or 38-kDa heparin-binding glycoprotein (30) . The sequence of the gene for YKL-40 is known, but promoter analysis and regulatory factors have not been described (28) . YKL-40 is a matrix protein of the specific granules of human neutrophils and is released after activation of the neutrophils (33) . Activated macrophages also secrete YKL-40 (20, 21, 28) , and it has been shown that in patients with rheumatoid arthritis YKL-40 is expressed by CD14 ϩ /CD16 ϩ monocytes/macrophages in peripheral blood and in synovial tissue (1) . The physiological function of YKL-40 is not completely known. YKL-40 is a heparin-and chitin-binding lectin (29, 30) , but it has no chitinase activity (9, 11, 29) . Recently, it has been shown that YKL-40 is a growth factor for connective tissue cells (7) and a potent migration factor for endothelial cells (23) . Furthermore, the patterns of its secretion in normal and disease states suggest that YKL-40 may have a function in inflammation and tissue remodeling (16, 17, (28) (29) (30) 32) .
High concentrations of YKL-40 in serum are correlated to morbidity of such different diseases as community-acquired pneumonia (24) , active rheumatoid arthritis (10, 18) , and ongoing hepatic fibrosis (13, 17) , as well as to mortality of recurrent breast cancer (14) and colorectal cancer (6) . Moreover, high levels of YKL-40 in serum were recently found to be an independent predictor of death in patients with pneumococcal bacteremia (22) , suggesting an important role of YKL-40 in infectious diseases also. However, levels of YKL-40 within the compartment of a local infection, such as meningitis, have not yet been determined.
The aim of the present study was to evaluate levels of YKL-40 in CSF in patients clinically suspected of having meningitis. YKL-40 levels in CSF obtained on admission and during the course of hospitalization were determined.
Diseases at Hvidovre University Hospital in the period from 1988 to 2000. Fifty-two of these patients admitted to the department in the period from 1988 to 1994 have previously been described elsewhere (26) . The lumbar puncture was performed as a routine diagnostic procedure for meningitis and was done in accordance with the ethical standards of the hospital. All patients with available CSF samples were included except patients infected with human immunodeficiency virus.
Based on clinical, microbiological, and biochemical characterization, the 134 patients could be divided in the following four groups.
(i) Forty-eight patients had purulent meningitis. Thirty of these patients had known bacterial etiology; 26 patients had a positive CSF culture (median number of CSF WBC, 3,040 cells/l [range, 16 to 15,858]), and 4 patients had neutrophil pleocytosis mean number of CSF WBC, 4,421 cells/l [27 to 18,485]) and positive blood culture or a significant increase in antibody titers against Neisseria meningitidis. Thirteen cases were due to Neisseria meningitidis, 11 were due to Streptococcus pneumoniae, 3 were due to Haemophilus influenzae, 1 was due to Klebsiella pneumoniae, 1 was due to Staphylococcus aureus, and 1 was due to Listeria monocytogenes. Eighteen patients had negative CSF and blood cultures, neutrophil pleocytosis (mean number of CSF WBC, 460 cells/l [range, 63 to 6,920] with Ͼ80% neutrophils, except for one patient with 1,210 cells/l and 45% neutrophils), a quick response to antibiotic therapy, and exclusion of other etiologies. The initial or empirical antibiotic therapy was intravenous ceftriaxone and ampicillin. If bacteria were demonstrated in the CSF and/or blood, antibiotic therapy was changed according to the susceptibility of the pathogen. The duration of antibiotic therapy was usually 7 to 10 days.
(ii) Forty-nine patients had lymphocytic meningitis (pleocytosis with a predominance of mononuclear cells). Forty-seven cases were due to acute aseptic meningitis, and one case was due to recurrent chronic aseptic meningitis. A known viral etiology (in most cases, enterovirus) was established in nine cases. All patients fully recovered without antibiotic treatment, except for 13 patients who received one dose of antibiotics immediately after the lumbar puncture was performed and before the results of the CSF analysis were known (usually Ͻ30 min after lumbar puncture). One case was due to Borrelia burgdorferi, which was treated with ceftriaxone for 10 days.
(iii) Five patients had encephalitis (decreased sensorium, abnormal electroencephalogram, and/or abnormal computed-tomography-magnetic resonance imaging scan). The patients were treated with acyclovir. A viral etiology (herpes simplex virus) was found in two cases.
(iv) Thirty-two patients were suspected to have meningitis but did not show evidence of meningitis (i.e., no CSF pleocytosis); these included 5 patients with septic shock (3 cases were due to N. meningitidis, 1 was due to Streptococcus pyogenes, and 1 was due to Escherichia coli), 2 with acute tonsillitis, 8 with fever of unknown origin, 2 with influenza, 3 with pneumonia, 2 with urinary tract infection, 1 with cytomegalovirus hepatitis, 1 with polyneuropathy, and 8 with torticollis/cephalgia.
CSF YKL-40 levels in noninfectious control patients. As controls, we also measured YKL-40 levels in CSF from 20 patients with various noninfectious diseases (e.g., headache, lower back pain, or neuropathy). The CSF samples were obtained when the patients had myelography for diagnostic purposes.
CSF YKL-40 levels during antibiotic treatment of purulent meningitis. CSF samples were obtained by repuncture from 26 patients with purulent meningitis during the course of hospitalization and at the time when therapy was initiated. None of the patients having a repuncture had available CSF samples on admission, and in most cases they were transferred from other departments or hospitals, where the diagnosis was established based on the evaluation of an initial CSF sample. The repeated CSF examination was performed for diagnostic purposes to reconfirm the diagnosis and/or treatment efficacy. Four cases were due to N. meningitidis, 5 were due to Streptococcus pneumoniae, 1 was due to H. influenzae, 2 were due to S. pyogenes, 1 was due to Pseudomonas aeruginosa, 1 was due to S. aureus, and 1 was due to L. monocytogenes. Eleven patients had negative CSF and blood cultures and neutrophil pleocytosis (with Ͼ80% neutrophils) in the CSF sample at the time of diagnosis.
Blood YKL-40 levels. Due to the study design, blood samples were not routinely collected from the patients in the present study. However, eight patients (one with encephalitis, two with purulent meningitis, one with lymphocytic meningitis, and four without evidence of meningitis) had an available blood sample that was taken at admission and at the same time as the CSF sample.
CSF analysis. CSF samples were analyzed by routine laboratory methods to determine glucose and total protein levels, total leukocyte count, and differential count. In the period from 1988 to 1993, the differential count was recorded only as segment-nuclear cells (neutrophils) and mononuclear cells (monocytes and lymphocytes). Levels of lactoferrin and neopterin in CSF were determined by enzyme-linked immunosorbent assay (by routine laboratory methods at National University Hospital, Rigshospitalet, and at Statens Serum Institut, Copenhagen, Denmark, respectively).
Measurement of YKL-40. Levels of YKL-40 in CSF were determined by radioimmunoassay as previously described (16) . The lower limit of detection was 20 g/l. The intra-and interassay coefficients of variation were Ͻ6.6 and 12%, respectively.
Stability of YKL-40 in CSF. The stability of YKL-40 levels in purulent CSF was evaluated during a 2-h period. CSF was obtained from pooled patient samples and was passed through a 0.2-m-pore-size sterile filter (Millipore, Bedford, Mass.). The concentration of YKL-40 in the pooled CSF was ϳ700 g/liter. Neutrophils, isolated from healthy volunteers by dextran (Statens Serum Institut )-induced sedimentation followed by layering of the leukocyte-rich plasma over Lymphoprep (1.077 g/ml; Sigma Chemical Co., St. Louis, Mo.), with subsequent removal, washing, and resuspension of the neutrophil pellet (25) , were added to the CSF to final concentrations of 1,000, 100, 10, 1, and 0 cells/l. The CSF was kept at room temperature for 2 h, and samples were taken at 0, 15, 30, 60, and 120 min and processed as for routine CSF samples (centrifugation and storage of the supernatants at Ϫ20°C for subsequent YKL-40 analysis).
Statistical analysis. All results are provided as medians, with minimum and maximum values also given. Comparisons between two groups were performed by the nonparametric Mann-Whitney test, whereas comparisons between more than two groups were performed by the nonparametric Kruskal-Wallis test. If the comparison between groups showed a significant difference, Dunn's multiplecomparison test was performed to compensate for multiple comparisons. For correlation analysis, the nonparametric Spearman test was used. The Pearson chi-square test was used for comparison between categorical data. Logistic regression analysis was applied for multivariate analysis. A P value of Ͻ0.05 was considered significant.
RESULTS

Clinical outcomes for 134 patients with CSF samples taken on admission.
Clinical and demographic data for the134 patients with available CSF samples on admission are shown in Table 1 . Six of 48 patients with purulent meningitis died (mortality rates were as follows: total, 13%; meningococcal meningitis, 8%; pneumococcal meningitis, 18%; H. influenzae meningitis, 0%; staphylococcal meningitis, 100%; K. pneumoniae meningitis, 100%; and unknown etiology, 6%). Two of 32 patients without meningitis died (they had septic shock due to N. meningitidis or S. pyogenes), whereas all patients with encephalitis or lymphocytic meningitis survived. A clinical parameter of prognostic importance in terms of fatal outcome for patients with purulent meningitis was impaired consciousness (Pearson chi-square test, P ϭ 0.01), and patients who died had significantly higher age than patients who survived (69 years [10 to 84] versus 24 years [1 to 87], respectively; P ϭ 0.02). Underlying disease, sex, back rigidity, need for assisted ventilation, or any biochemical parameter in the CSF tested (including YKL-40, [see below]) was not of significant importance for fatal outcome of purulent meningitis (P Ͼ 0.05). A logistic multivariate regression analysis including the significant risk factors for fatal outcome (i.e., advanced age and impaired consciousness) showed that advanced age was the only independent predictor of fatal outcome in patients with purulent meningitis (P ϭ 0.04).
CSF YKL-40 levels at admission. There was a significant difference in YKL-40 levels among patient groups (purulent meningitis, lymphocytic meningitis, encephalitis, and nonmeningitis) at time of admission (Kruskal-Wallis test, P Ͻ 0.0001), with significantly higher CSF YKL-40 levels in patients with purulent meningitis (n ϭ 48; 663 g/liter [20 1 ). There was no significant difference in CSF YKL-40 levels between patients with purulent meningitis and patients with encephalitis or between patients with lymphocytic meningitis and patients without meningitis (Dunn's multiple-comparison test, P Ͼ 0.05) (Fig. 1) . To distinguish purulent meningitis from viral meningitis with a cutoff point of 340 g/liter or more, the sensitivity, specificity, and positive predictive value were 75, 76, and 75%, respectively. Among patients with purulent meningitis, a significant difference in CSF YKL-40 levels was found between cases of different etiology (Kruskal-Wallis test, P ϭ 0.0028), with significantly higher CSF YKL-40 levels in patients with pneumococcal meningitis (n ϭ 11) than in patients with meningococcal meningitis (n ϭ 13) (1,150 g/liter [380 to 8.960 ] versus 340 g/liter [20 to 1,060], respectively; Dunn's multiple-comparison test, P Ͻ 0.01). CSF YKL-40 levels in patients with meningococcal meningitis were higher than those in patients with meningococcemia but without evidence of meningitis (n ϭ 3) (144 g/liter [34 to 210]; due to the small number of patients in this group, no statistical analysis was performed). CSF YKL-40 levels in the noninfectious control group. Patients having myelography (n ϭ 20) had CSF YKL-40 levels of 305 g/liter (78 to 540), which were significant lower than the CSF YKL-40 levels in patients with purulent meningitis or encephalitis (Mann-Whitney test, P Ͻ 0.001 and P ϭ 0.01, respectively) but significantly higher than those in patients suspected of having but without evidence of having meningitis (P Ͻ 0.05).
Blood YKL-40 levels. Patients with CNS infections (n ϭ 4) had serum YKL-40 levels that were more than 10-fold lower than those in the corresponding CSF samples (80 g/liter [19 to 195] 4 (1-10)
11 c,e
(1-29)
c,e Figure 2 shows the ratio of YKL-40 in CSF to that in serum in the two groups of patients. Association of CSF YKL-40 levels at admission in patients with meningitis with outcome, clinical parameters, and laboratory findings. To further explore a role of YKL-40 in the pathophysiology of meningitis, we studied the association between CSF YKL-40 levels and various clinical parameters as well as various parameters for the meningeal and systemic inflammatory responses. Because several other clinical and biochemical parameters besides the observed difference in CSF YKL-40 levels were significantly different among the four diagnostic groups (Table 1) , only results from analyses performed within each diagnostic group are shown here.
(i) Patients with purulent meningitis (n ‫؍‬ 48). There was an association between CSF YKL-40 levels and the severity of the disease. A significant correlation was found between CSF YKL-40 levels and the number of days of hospitalization among survivors (n ϭ 42; ϭ 0.53; P Ͻ 0.001) (Fig. 3) as well as the duration of antibiotic therapy (n ϭ 42; ϭ 0.33; P Ͻ 0.05). Six patients died, and they had higher CSF YKL-40 levels than patients who survived (n ϭ 42) ( 8, 960] ; P ϭ 0.057). CSF YKL-40 levels were associated with the meningeal inflammatory response (e.g., number of CSF neutrophils and lymphocytes, levels of neopterin and lactoferrin in CSF, and CSF/blood glucose ratio) and with the systemic inflammatory response (number of blood neutrophils) (P Ͻ 0.05) ( Table 2 ). CSF YKL-40 levels correlated significantly with the age of the patients ( ϭ 0.56, P Ͻ 0.001).
(ii) Patients with lymphocytic meningitis (n ‫؍‬ 49). CSF YKL-40 levels were associated with the meningeal inflammatory response (e.g., number of CSF lymphocytes, CSF neopterin levels, CSF/blood glucose ratio) (P Ͻ 0.05) but not with the systemic inflammatory response (number of WBC in blood) (P Ͼ 0.05) ( Table 2 ). CSF YKL-40 levels correlated significantly with the age of the patients ( ϭ 0.42; P ϭ 0.003) and with the number of days of hospitalization ( ϭ 0.293; P ϭ 0.041).
(iii) Patients suspected of having but without evidence of having meningitis (n ‫؍‬ 32). CSF YKL-40 levels correlated significantly with CSF neopterin levels, CSF protein levels, and CSF glucose levels (P Ͻ 0.05) ( Table 2 ). There was a significant correlation between CSF YKL-40 levels and number of days of hospitalization ( ϭ 0.53; P ϭ 0.002) and between CSF YKL-40 levels and the age of the patients ( ϭ 0.78; P Ͻ 0.001). In contrast, no significant correlation was found between CSF YKL-40 levels and the age of the patients in the noninfectious control group (n ϭ 20) ( ϭ 0.39; P Ͼ 0.05).
(iv) Patients with encephalitis (n ‫؍‬ 5). No analysis was performed due to small number of patients in this group). Clinical outcome for patients with purulent meningitis who had a repuncture during hospitalization. Among those with a repuncture, 5 of 26 patients with purulent meningitis died (mortality rates were as follows: total, 19%; meningococcal meningitis, 0%; pneumococcal meningitis, 0%; H. influenzae meningitis,0%; L. monocytogenes meningitis, 100%; P. aeruginosa meningitis. 100%; and unknown etiology, 27%) ( Table 3) . Underlying disease, sex, advanced age, decreased sensorium, back rigidity, need for assisted ventilation, or any biochemical CSF parameter tested (except YKL-40 [see below]) was not of significant importance for fatal outcome (P Ͼ 0.05) ( Table 3) .
CSF YKL-40 levels during hospitalization in patients with purulent meningitis having a repuncture (n ‫؍‬ 26) and association of YKL-40 with outcome, clinical parameters, and laboratory findings. CSF YKL-40 levels in patients with purulent meningitis having a repuncture were highly elevated (965 g/liter [192 to 15,400]), despite the fact that number of leukocytes in the CSF was low (59.5 cells/l [0 to 3,210]). There was no significant correlation between YKL-40 levels and the day of CSF tapping (from admission) ( ϭ Ϫ0.29; P Ͼ 0.05). Five patients died, and they had significantly higher CSF YKL-40 levels than patients who survived (n ϭ 21) (2,100 g/liter [1,160 to 7,050] versus 885 g/liter [192 to 15,400]; P ϭ 0.018). CSF YKL-40 levels correlated significantly with CSF neopterin levels and CSF glucose levels ( ϭ 0.42 and ϭ Ϫ0.44, respectively; P Ͻ 0.05) but not with any other clinical or biochemical parameter (P Ͼ 0.05). Indeed, no correlation between YKL-40 and the age of the patients was observed ( ϭ 0.32; P Ͼ 0.05).
Stability of YKL-40 in CSF. YKL-40 levels in pooled CSF with various numbers of neutrophils did not change significantly during a 2-h study period (data not shown).
DISCUSSION
In the present study, we found that YKL-40 levels in CSF samples taken on admission were significantly higher in patients with purulent meningitis and in patients with encephalitis than in patients with lymphocytic meningitis or patients without meningitis. However, the use of CSF YKL-40 for diagnostic purposes to distinguish purulent from lymphocytic meningitis cannot be recommended, because of a significant overlap between the two groups. Moreover, we found that YKL-40 levels were at least 10-fold higher in CSF than in blood obtained from patients with CNS infection, which was not the case for patients without CNS infection. Systemic levels of YKL-40 have previously been shown to be elevated in patients with community-acquired pneumonia (24) . To our knowledge, this is the first study to show that local levels of YKL-40 are elevated at the site of an infection and that YKL-40 most likely is produced or released within the compartment of a local infection.
To further study the cellular source of YKL-40 production, we investigated the association between YKL-40 and the various cell lines of the CSF infiltrate. A weak association of YKL-40 with the number of neutrophils and more specifically with levels of lactoferrin, also a matrix protein of the specific granules like YKL-40 (33), was detected in CSF samples taken on admission from patients with purulent meningitis but not from those with lymphocytic meningitis. No such correlation was detected in patients with purulent meningitis having a repuncture.
A more consistent finding, in purulent meningitis as well as in lymphocytic meningitis, was a positive correlation between YKL-40 and the number of lymphocytes in CSF samples taken on admission. However, no such correlation was detected in patients with purulent meningitis having a repuncture, and YKL-40 has so far never been detected in lymphocytes.
Another possible candidate could be the monocyte, since YKL-40 is expressed by CD14 ϩ /CD16 ϩ monocytes/macrophages in peripheral blood and in synovial tissue from patients with rheumatoid arthritis (1). However, no association between YKL-40 and monocytes was observed in the present study. On the other hand, activated macrophages synthesize YKL-40 in vitro during the late stage of activation (21, 28, 29) . Furthermore, in vivo YKL-40 is produced by giant cells and a subpopulation of macrophages located in the media of arteritic vessels of patients with giant cell arteritis (12) , by macrophages in inflamed synovial membranes from patients with rheumatoid arthritis (20) , and by a subpopulation of macrophages in atherosclerotic plaques (3) . To address this issue in CNS infections, we correlated levels of YKL-40 to levels of neopterin, a marker of CNS macrophage activation (8) , in CSF. Indeed, we found that levels of neopterin and YKL-40 in CSF were highly interrelated in all patient groups tested (patients with purulent meningitis [with CSF samples taken on admission or during hospitalization] as well as patients with lymphocytic meningitis) and that the correlation coefficient was the highest among those for the different biochemical parameters tested in CSF and blood. Interestingly, a similar association was found in patients without evidence of meningitis, who had no cells detected in the CSF, indicating that patients with systemic infections also may have an activation of the immune system In patients with purulent meningitis having a repuncture, we found that the CSF YKL-40 level was the only clinical and biochemical parameter that was associated with mortality. However, future larger prospective studies are required to determine whether YKL-40 should be recommended as a prognostic indicator in repeated CSF examination of severely ill patients with purulent meningitis. Our results are in accordance with previous observations of a predictive value of YKL-40 in serum for fatal outcome in disseminated diseases like cancer (6, 14) and pneumococcal bacteremia (22) . Unfortunately, the present study, as well as a previous study on community-acquired pneumonia (24), was not designed to resolve whether levels of YKL-40 in serum also would be a valuable biochemical marker for prognosis of local infections.
CSF YKL-40 levels taken at admission from patients with purulent meningitis were not significantly associated with fatal outcome in the present study. Interestingly, advanced age, which was the only independent predictor for fatal outcome, was the clinical or biochemical parameter that correlated best with YKL-40. The importance of this finding remains to be defined. However, it is well known that elderly individuals with an infection, including patients with meningitis, have a poorer prognosis than younger patients (2) . In addition, we found that there was an interrelationship between age, YKL-40 level, and severity of disease (number of days hospitalized) in the other patient groups with an infection (lymphocytic meningitis or nonmeningitis) who were having a lumbar puncture at admission, which was not the case for patients without an infection (noninfectious control group having a myelography). This is in accordance with previous studies of serum YKL-40 levels in healthy subjects (15) .
Patients with pneumococcal meningitis had significantly higher CSF YKL-40 levels than patients with meningococcal meningitis. Indeed, patients with pneumococcal meningitis had significantly higher age and were more severely ill (number of days of hospitalization) than patients with meningococal meningitis (P Ͻ 0.05) (data not shown). In contrast, patients in the noninfectious control group did not have higher age than patients suspected of having but without evidence of having meningitis, despite the fact that CSF YKL-40 levels were significantly different between the two groups.
The exact physiological role of YKL-40 is at present unknown. Since YKL-40 is released from the specific granules of the neutrophil granulocyte, it may influence oxygen-dependent and -independent bacterial killing (33) . However, in vitro studies have shown that stimulation with YKL-40 does not influence neutrophil chemiluminescence or bactericidal activity (unpublished data). Also, chemotaxis may be influenced by YKL-40, since ECF-L, another member of the mammalian family of 18-glycosyl hydrolases without chitinase activity, showed chemotactic activity for neutrophils, eosinophils, and T lymphocytes (27) . However, YKL-40 showed no chemotactic activity for neutrophils as determined using the Boyden chamber method (unpublished data). Recently, it has been shown that YKL-40 is a growth factor for connective tissue cells (7) and a potent migration factor for endothelial cells (23) . Fibrinoid necrosis and vascular proliferation are late pathological findings of the brain damage observed in fatal cases of bacterial meningitis (5) . In the present study, CSF YKL-40 levels remained elevated late during the course of purulent meningitis, when the cellular infiltrate had ceased. This suggests, in accordance with other studies, that YKL-40 could have a function in inflammation and tissue remodeling. Further studies should be performed to determine whether CSF levels of YKL-40 could be a valuable biochemical marker of brain damage in other CNS diseases.
In conclusion, we found that patients with purulent meningitis or encephalitis have significantly higher levels of YKL-40 in CSF than patients with lymphocytic meningitis or patients without meningitis and that YKL-40 levels were significantly higher in the CSF than in the blood during CNS infection. Further studies are required to determine the biological function of YKL-40 in infectious diseases.
